Purpose To analyze the clinical characteristics of patients with ocular prosthesis to assess the causes of eye loss in the different genders and age groups, and their incidence over the years. Methods We retrospectively examined the rates of ocular prosthesis application and related causes in the period from 1927 to 2011 in a referral center in Rome, Italy, and compared them over time. We also compared the results within the population in terms of age and gender. Results Of 8018 ocular prosthesis wearers, 63% were males and 37% were females, with a mean age of 29 years. The most frequent cause of ocular prosthesis application was a traumatic event (54%), with work-related eye injuries being the most frequent single cause of ocular trauma reported. Other frequent causes were end-stage ocular diseases, tumors, and malformations, without significant differences in gender. Tumors and malformations showed a slight increasing trend over time, while end-stage ocular diseases and work-related injuries remained unchanged, and other traumatic events decreased. Conclusion The constantly high frequency of ocular prosthesis application for work-related injuries and end-stage ocular diseases suggests that preventive measures for these events have not been addressed accordingly, and might represent a neglected public-health issue.
Introduction
The application of an ocular prosthesis is required to replace an eye following an enucleation, evisceration, orbital exenteration, or is applied over the phthisis bulbi or a discolored blind eye of near-normal size to improve the cosmetic appearance. In fact, the loss of an eye is an immediate trigger to the physical and emotional stress caused by personal, familiar, and societal reactions to the resulting facial disfigurement. Replacing the lost eye with an ocular prosthesis aims at promoting physical and physiological healing, and improving social acceptance. 1 The earliest attempt at manufacturing an ocular prosthesis dates back to as early as 4800 years ago, and several further attempts have been made in the following centuries using materials ranging from precious stones to copper, bronze, and gold in the shrunken socket. 2, 3 However, it was not until the sixteenth century that the first actual ocular prosthesis was designed by Ambroise Paré, a French doctor, who named it 'emblepharon'. His first prosthesis was made of gold and silver, but he later improved his first design using glass and porcelain, which was a great step forward and resulted in the use of shell-type prostheses instead of spheres. 4 Glass remained the most popular material until the introduction of synthetic materials in the twentieth century. 5 Currently, the main causes for the need of ocular prosthesis include tumors, congenital defects and malformations, irreparable trauma, and end-stage eye diseases. The former are the most common etiologies in children, while the latter are more common in adults. Other common etiologies include severe ocular diseases leading to blindness associated with uncontrolled pain or unpleasant cosmetic appearance, such as intraocular infections or post-surgical complications. 1 In spite of their widespread distribution among populations of all ages, from children to the elderly, a register of patients with ocular prostheses is currently lacking, and scientific literature lacks a thorough assessment of the epidemiology of patients based on the cause that led to the need of an ocular prosthesis, age, and gender.
In this retrospective study we analyze the epidemiologic data of patients admitted to a leading Italian ocular prosthesis center in the last 85 years. Evaluating the variation in the incidence of different etiologies over time may prove beneficial for long-term prevention strategies aimed at reducing the socioeconomic costs and the personal burden of an eye loss.
Materials and methods
We analyzed the folders of 12 000 consecutive ocular prosthesis wearers registered in our archive from 1927 to December 2011 following IRB approval by the University Campus Bio-Medico of Rome, Italy, and adhering to the tenets of the Declaration of Helsinki.
Inclusion criteria were represented by the presence in the reports of data on age and gender of patients, age of the first prosthesis application, and cause that led to the application of the ocular prosthesis. Exclusion criteria were the incomplete compilation of medical records, and the lack of clear and reliable clinical data.
The following characteristics of the patients were evaluated: (i) age; (ii) gender; (iii) side of ocular prosthesis application; (iv) age of application of the first prosthesis; (v) cause that led to the application of the prosthesis.
Once we grouped data from all patients, we performed all evaluations and analyses considering the following age groups as defined by the year of application of the first prosthesis: 0-5 years (pre-scholar age), 6-14 years (primary school age), 15-18 years (secondary school age), and every 10 years thereafter.
The incidence of different etiologies over the years was also evaluated. Thereafter, a subgroup analysis was performed based on the etiologic classification of eye loss, and percentage of ocular prosthesis application for each etiology was expressed as a proportion of the total number of patients as reported in Table 1 . Specifically, the cause of the defect was classified as: traumatic injuries, malformations, tumors, or end-stage eye diseases.
The traumatic injuries were further divided into accidents (road accidents, household accidents, other accidents) and work-related injuries.
Tumors were further divided into melanoma, retinoblastoma, and other types of tumor (including gliomas and other tumors).
End-stage eye diseases were further classified as anterior-or posterior-segment diseases (including corneal perforations and melting, retinal detachment, endophthalmitis of various types, end-stage glaucoma, post-surgical complications).
Data retrieved as specified above were also statistically evaluated to identify changes in the causes of eye loss and need of ocular prosthesis over time in the last century. All analyses were performed in SPSS software (SPSS 15, Chicago, IL, USA), with a P value o0.05 considered significant.
Results
A total of 8018 patients with ocular prosthesis were included in this study. Our population consisted of 2939 females (36.66%) and 5079 males (63.34%), with an average of 29.32 years (SD 32.1, median of 25 years, range 0-95 years).
The distribution of our patients in different age groups was as follows: 1433 patients (17.87%) from 0 to 5 years, 1242 patients (15.49%) from 6 to 14 years, 589 patients (7.35%) from 15 to 18 years, 1329 patients (16.58%) from 19 to 30 years, 919 patients (11.46%) from 31 to 40 years, 765 patients (9.54%) from 41 to 50 years, 664 patients (8.28%) from 51 to 60 years, 580 patients (7.23%) from 61 to 70 years, 375 patients (4.68%) from 71 to 80 years, 117 patients (1, 46%) from 81 to 90 years, 5 patients (0.06%) 90 years of age or older.
No significant differences in age of prosthesis application were observed between genders, except for the age groups of 6-14 years and 19-30 years that revealed a significantly higher number of males.
Cause of prosthesis application
The traumatic etiology was by far the most common, accounting for more than half of all cases with 4330 patients of our study population (54%). Other causes included end-stage eye diseases in 1907 patients 
Findings of a subgroup analysis
Trauma Traumatic injuries (eg, work-related accidents, playground accidents in kids, car crashes, fireworks, domestic accidents) represent the first cause of eye bulb loss leading to the need of an ocular prosthesis, with 3335 males (77%) and 995 females (23%) undergoing prosthesis application following an ocular trauma. The mean age was 28.6 ± 17.9. We did not observe statistically significant differences on the side affected, with 2214 patients who had the trauma in the right eye and 2087 in the left eye. Only 29 patients had a bilateral injury. Among them, work-related accidents represent the most frequent kind of ocular trauma leading to an ocular prosthesis application, with a total of 813 (10.1%) cases in our study population. Work-related accidents were more frequent in males (765 males vs 48 females, corresponding to 94 vs 6%) and in patients aged between 19-40 years (461 patients, corresponding to 57% of the total work-related accidents), with a mean age of 34.8±14.3.
Considering all the other kinds of trauma (ie, nonwork-related) grouped together, they appeared to happen more frequently in males (2570 patients, 73.1%) than in females (947 patients, 26.9%). The average age of these patients was 26.2 ± 18.8 years, with two distinct peaks of frequency: 25.2% in children (6-14 years of age) and 20.8% in young adults (19-30 years of age).
The overall incidence of traumatic events decreased gradually, with the highest peak in the 1950s and the lowest in 2010. A subgroup analysis showed a similar trend of ocular prosthesis application over the years in patients who had non-work-related accidents, while no decrease in the incidence of work-related accidents was observed, with no statistically significant differences among all the decades examined ( Figure 2 ).
End-stage eye diseases The total number of ocular prosthesis wearers who had an end-stage eye disease was 1907 (23.78%), including patients with anterior-(corneal ulcers, perforations, melting) and posteriorsegment disease (retinal detachment, glaucoma, endophthalmitis), and surgical complications. In these 1907 patients no significant differences in gender were noted, with 901 males (47.2%) and 1006 females (52.8%) in our study population. The mean age of the patients was 39.5 ± 24.6 years, and patients in the 61-70 years age group represented the majority of ocular prostheses wearers for end-stage eye disease (273 patients, 14.3%). However, we did not find statistically significant differences with other age groups. We also did not observe statistically significant differences on the side affected, with 942 patients who had an end-stage eye A subgroup analysis of the end-stage eye disease population failed to demonstrate any significant difference in the primary cause that led to the need of an ocular prosthesis application, classified as anterior-or posterior-segment related. Specifically, in our study population 52% of all patients received an ocular prosthesis following an anterior ocular disease or surgical complication from an anterior ocular disease, and 48% of all patients received an ocular prosthesis following a posterior ocular disease or surgical complication from a posterior ocular disease.
The incidence of end-stage eye diseases did not change significantly among all the decades examined.
Tumors Among the 1169 patients in our records who needed an ocular prosthesis following an ocular tumor, 603 (51.6%) had a retinoblastoma, 520 (44.5%) had a melanoma, and 46 (3.9%) had other types of tumor (optic nerve glioma, meningioma, ocular adnexas' tumors). The mean age for retinoblastoma patients was 2.5 ± 5.2 years, for melanoma patients 56.2 ± 38.4 years, and for patients with other types of tumor 38.8 ± 25.1 years. While retinoblastoma's incidence was significantly higher in the 0-5 years age group (Po0.001), melanoma's incidence was more widespread with the majority of patients affected (65%) aged between 40 and 80 years.
No significant differences were observed in gender distribution, with 545 males (47%) and 624 females (53%), unrelated to the type of tumor. We also did not observe statistically significant differences on the side affected, with 584 patients who had the tumor in the right eye and 546 in the left eye. Only 39 patients had a bilateral tumor (all retinoblastomas).
The analysis of the incidence of prosthesis application in patients affected by an ocular tumor increased gradually over the years (Figure 3a) , mainly due to an increase in the two most common ocular tumors leading to the application of an ocular prosthesis, melanoma and retinoblastoma (Figure 3b ).
Malformations Among the 612 patients who required the application of an ocular prosthesis due to a congenital ocular malformation, we did not observe a statistically significant difference between males (299 patients, 48.86% of the total) and females (313 patients, 51.14% of the total). The mean age was 8 ± 11.8 years and the majority of patients fell into the 0-5 years age group (389 patients, 63.6%).
We did not observe statistically significant differences on the side affected, with 286 patients whose ocular malformation was on the right side, and 276 on the left side. Only 50 patients had a bilateral ocular malformation.
As shown in Figure 4 , the analysis of the incidence of prosthesis application for ocular malformations such as anophthalmia and microphthalmia revealed a gradual increase over the decades.
Discussion
In this study we describe the largest population of patients with ocular prosthesis analyzed so far in scientific literature, reporting data on age, gender, and cause of ocular prostheses application.
Males in work age (19-60 years) represent the category at higher risk of an event leading to ocular prosthesis Figure 3 The incidence of prosthesis application in patients affected by ocular tumors (a) increased gradually over the years. The incidence of the different types of tumor is shown in panel (b). Figure 4 The incidence of prosthesis application for ocular malformations showed a gradual increase over the years.
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A Modugno et al application, which may reflect the increased number of work-related injuries men face due to their typical occupation. In fact, 94% of work-related eye injuries occur in male workers, and represent more than 10% of all causes of eye loss in our population. Surprisingly, in spite of the huge policy-maker efforts in increasing safety on the workplace with several campaigns of prevention-especially since the 80s-work-related eye injuries did not decrease over time.
Prevention of work-related injuries represents a priority for national health systems of industrialized countries due to the high costs of disability benefits, and for the substantial economic impact due to lost income and long-term medical treatments. The relevance of the social burden has also been recently highlighted by the increasing rate of lost work-time due to work-related eye injuries in US farmworkers. 6 Moreover, while workrelated eye injuries are more frequent in young workers and afflict the society due to loss of occupational workforce, injuries in older workers often lead to higher levels of disability, with consequently higher costs for the health system. [7] [8] [9] [10] [11] It is interesting to underline that while the rate of work-related trauma remained unchanged, the overall incidence of traumatic injuries decreased progressively over the years, probably due to better standards of safety and/or better prevention strategy campaigns for domestic accidents, road accident, or other kind of accidents including fire-works and sport accidents. 12 Nevertheless, traumatic injuries still represent the first cause of ocular prosthesis need, with 54% of all patients in our study population and a significantly higher prevalence in males, which may be explained by a higher number of accidents of various kinds, more active games, and more dangerous sports in males. [13] [14] [15] The second cause (23.78%) for ocular prosthesis application in our study population was an end-stage eye disease or related surgical complications. 16 As expected, we did not observe any significant difference in gender and side of the ocular disease, which were more frequent in the over-60 population, probably reflecting the higher number of surgical procedures in the elderly. We did not find significant differences between anterior-and posterior-segment diseases; however, we could not further discriminate between the specific diseases, as in older clinical charts the specific disease was not recorded. Nevertheless, it remains interesting that the overall rate was unchanged in the past decades in spite of the huge progress in ocular medical and surgical approaches.
Ocular tumors represented the third most frequent cause (14.58%) of ocular prosthesis application. Among them, retinoblastoma was the most frequent (51.6%), which may be explained by the higher number of patients in the 0-5 years age group, reflecting the need of a prompt application of an ocular prosthesis in children in order to develop a normal facial symmetry. 17, 18 Melanoma was the second most frequent tumor (44.5%), and was also observed in adult prosthesis wearers. The distribution according to gender did not show a statistically significant difference, as already reported in scientific literature. 19 The analysis of the incidence revealed a gradual increase of prosthesis application for ocular tumors, which probably reflects the progress in early diagnosis and treatment, that reduced the mortality rates of these unfortunate events. 20, 21 Lastly, ocular malformations represented 7.63% of our cases, without any statistically significant difference according to gender and side, and the majority of patients aged 0-5 years (63.6%). Interestingly, we observed an increasing number of ocular prosthesis applied in patients with ocular malformations over the years, which may reflect indirect evidence that malformative diseases followed an upward trend, or may reflect an improvement in the therapeutic scheme and patients' follow-up. [22] [23] [24] In fact, while there is higher education of caregivers about the early rehabilitation of the orbital cavities with anophthalmia or microphthalmia, it cannot be excluded that we observed an actually higher rate of ocular malformations, which could be the result of increasing maternal age and increasing risk factors in the gestation period. 25 To conclude, our study emphasizes the need and importance of creating a register of ocular prosthesis wearers to provide healthcare and policy makers with crucial information to actuate the necessary interventions for reducing risks, and the socio-economic and psychological impact of events leading to the application of an ocular prosthesis.
Summary
What was known before:
K In spite of the widespread distribution of ocular prostheses among populations of all ages, from children to the elderly, a register of patients with ocular prostheses is currently lacking and scientific literature lacks a thorough assessment on the epidemiology of patients based on the cause that led to the need of an ocular prosthesis, age, and gender.
What this study adds:
K In our paper we analyze the epidemiologic data of more than 8000 patients with an ocular prosthesis, evaluating the variation in the incidence of different etiologies in the last century. The data from our work, representing the largest ocular prosthesis wearers population analyzed so far in scientific literature, may prove beneficial for long-term prevention strategies aimed at reducing the socio-economic costs and the personal burden of an eye loss.
